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1. Introduction 
Antibiotics are a major tool utilized by the healthcare industry to fight bacterial infections; 
however, bacteria are highly adaptable organisms, able develop resistance to antibiotics. 
Consequently, decades of antibiotic use, or rather misuse, have resulted in bacterial resistance 
to many modern antibiotics. This resistance can cause significant danger and suffering for 
many people with common bacterial infections, which were once easily treatable with this 
type of medication [1]. Antibiotics are widely used in human and veterinary medicine as well 
as in agriculture for the treatment of infections, to improve growth and for animal prophylaxis, 
which can generate a selection of multiresistant bacteria. However, is it not fully understood 
how widespread antibiotic resistant bacteria are in agricultural settings. The lack of such 
surveillance data is especially evident in dairy farm environments.  
Over the past 6 decades, the introduction of new class or modifications of antimicrobial has 
been marched slowly but surely by the development of new bacterial resistance 
mechanisms. Since the first reports different estudies have demonstrated that increases in 
antimicrobial resistance among both pathogenic and commensal bacteria can be observed 
after introduction of antimicrobial[2]. Therefore in this chapter I will discuss some of the 
research which in which they reported the presence of antibiotic-resistant bacteria that are of 
importance in foods.  
2. Campylobacter 
Campylobacter was identified as a human diarrheal pathogen in 1973. Campylobacter is a 
major cause of disease in humans and poultry around the world and Campylobacter was, is 
the most frequently diagnosed bacterial cause for human gastroenteritis in the United States 
and throughout the world. Most cases of Campylobacter infections do not require antimicrobial 
treatment, being clinically mild and self-limiting [4]. Macrolides are considered the first 
choice drug for C. jejuni and C. Coli  enteritis,erythromycin and ciprofloxacin are the drugs 
of choice for treatment of human campylobacteriosis and fluoroquinilones are also used. 
Contaminated food is the usual source of human infection; therefore, the presence of 
antimicrobial resistant strains in the food chain has raised concerns that the treatment of 
human infections will be compromised. Most disease in humans is associated with the 
consumption of contaminated poultry or cross-contamination with other foods [4] 
This section provides a review of resistance prevalence in C.jejuni and C.coli from food. In 
this study, was investigated the prevalence of resistance to erythromycin and ciprofloxacin 
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in Campylobacter isolates recovered from turkey carcasses at two processing plants. 
Ciprofloxacin and erythromycin resistance in Campylobacter recovered from processed 
turkey occurred more frequently among C. coli than C. jejuni. Molecular subtyping in this 
study provides further information about the relationships between antimicrobial-resistant 
Campylobacter at processing level [5]  
The antimicrobial resistance profiles of Campylobacter isolates recovered from a series of 
samples of retail food (n = 374) and humans (n = 314) to eight antimicrobial compounds 
were investigated. High levels of resistance in isolates of C.jejuni were observed for ceftiofur 
(58%), ampicillin (25%) and nalidixic acid (17%) with lowest levels observed for 
streptomycin (7.9%) and chloramphenicol (8.3%). A total of 80% of isolates of C. jejuni were 
resistant to human ceftiofur, while 17% were resistant to ampicillin and nalidixic acid, 8.6% 
to streptomycin and 4.1% to chloramphenicol. Antimicrobial resistance of clinical relevance, 
such as erythromycin, ciprofloxacin and tetracycline were 6.7, 12 and 15% respectively for 
all food isolates and was similar to the corresponding prevalence of resistance observed in 
human isolates, where 6 , 4%, 12 and 13, respectively, were found to be resistant. 
Comparisons of strains of C. jejuni at each site showed a high degree of similarity although 
some regional variations exist. Comparison of the total populations of C. jejuni and C. coli 
showed minor differences, with C. jejuni strains resistant to ampicillin and ceftiofur. Patterns 
of multidrug resistance showed some profiles common to the human strains and clinical [6].  
Antimicrobial resistance was evaluated in Campylobacter spp isolated of beef cattle in four 
commercial feedlots in Alberta (Canada). All calves were given chlortetracycline and 
oxytetracycline in food, and most animals (93%) were injected with long-acting 
oxytetracycline. A total of 1586 Campylobacter strains were isolated, these consist of 
Campylobacter coli (n = 154), Campylobacter fetus (n = 994), Campylobacter jejuni (n = 431), 
Campylobacter hyointestinalis (n = 4), and Campylobacter lanienae (n = 3) which were recovered 
and characterized [4]. Increases in the prevalence of strains resistant to tetracycline and 
doxycycline (56 to 89%) of C. coli, C. fetus and C. jejuni were observed [4]. Increased resistance 
to erythromycin was also found in strains of C. coli in the three episodes of isolation. Most 
isolates of C. fetus recovered were resistant to nalidixic acid and a relatively small number of 
multi-drug resistant strains were recovered. Widespread use of antimicrobial agents in meat 
production and possible horizontal transfer of mobile genetic elements with resistance 
determinants among bacteria Campylobacter and other taxa emphasized [4]. 
Campylobacter has become the leading cause of zoonotic enteric infections in developed 
and developing countries worlwide. Epidemiological and microbial studies show that 
poultry is the most important source for quinolone-susceptible and quinolone-resistant 
campylobacter infections in humans. Trend over time for macrolide resistance show stable 
low rates in most countries, and macrolides should remain the drugs class of choice for C. 
jejuni and C. coli enteritis. However, macrolide resitance is emerging in some countries and 
needs to be monitored.[7].  
3. Salmonella 
Salmonella spp. is widely distribuited in nature, colonizing a range of animal hosts. 
Salmonella entérica is recognized as one of the most common bacteria causes of food borne 
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diarrheal illness worldwide. It had been estimated that annually there are about 1.3 billion 
cases of acute gastroenteritis due to nontyphoidal salmonelosis, resulting in 3 million 
deaths. In industrialized countries food animals are the main reservoir for human infections, 
the majority of which originate from contaminated meat products and eggs. It is very 
important the issue of antibiotic resistance of Salmonella spp, which has been investigated as 
its ecology and pathogenesis  
Substantial effort has been made to disclose the genetic means by which Salmonella spp has 
evolved to resist antimicrobials. Acquired resistance arises by two ways: by mutations in 
chromosomally encoded genetic elements and by acquisition of exogenous mobile resistance 
genes by plasmids, integrons and transposons. Both mechanisms can led to rapid changes of 
a bacterial populations, horizontal genes transfer apppers to be most important in the 
evolutions of salmonella resistance.[8] In this section I summarize some examples which 
show the presence antimicrobial resistance Salmonella spp in food.  
Burgos et al. isolated and identified enteric bacteria in the soil of dairy farms and found that 
enteric bacteria from dairy farm soil are resistant to multiple drugs and carriers of antibiotic 
resistance plasmids. This suggests that the surface layer of farm land plays an important 
role, as it is an environment that can be a reservoir for the development of bacterial 
resistance against antibiotics [3].  
In another study undertaken in Alberta during 1996 and 1999, 209 strains of Salmonella, 
obtained from food animals were isolated and 17 antimicrobial drugs were tested and , 
11.8% of strains were positive for resistance. These strains were commonly resistant to 
tetracycline (35.4%), streptomycin(32.5%), sulfamethoxazole (28.7%), ticarcillin (27.3%) and 
ampicillin (26.8%)[9]. Salmonella enterica serovar Heidelberg frequently causes foodborne 
illness in humans. The authors compared the prevalence of Salmonella serotype Heidelberg 
in a sampling of 20,295 meats, including chicken breast ,ground turkey, ground beef and 
pork ribs, collected between 2002 and 2006 a total of 298 Salmonella serovar Heidelberg 
isolates were recovered, representing 21.6% of all Salmonella serovars from retail meats. 
One hundred seventy-eight (59.7%) were from ground turkey, 110 (36.9%) were from 
chicken breast, and 10 (3.4%) were from pork chops; none was found in ground beef. One 
hundred ninety-eight isolates (66.4%) were resistant to at least one compound, and 49 
(16.4%) were resistant to at least five compounds. Six strains (2.0%), all ground turkey, were 
resistant to at least nine antimicrobial agents. The greatest resistance in isolates from poultry 
was to tetracycline (39.9%), followed by streptomycin (37.8%), sulfamethoxazole (27.7%), 
gentamicin (25.7%), kanamycin (21.5%), ampicillin (19.8%), amoxicillin-clavulanate (10.4%) 
and ceftiofur (9.0%). These data indicate that Salmonella serovar Heidelberg is a common 
serovar in retail poultry meat and includes widespread clones of multidrug-resistant strains 
[10].  
Recently, Salmonella Enterica subsp. enterica serovar Saintpaul has been increasingly observed 
in several countries, including Germany. However, the pathogenic potential and 
epidemiology of this serotype are not very well known. Fifty-five isolates of S. turkey 
saintpaul Germany and Turkey food products isolated from 2000 to 2007 were analyzed 
using an antimicrobial agent, organic solvents, and disinfectant susceptibility testing, 
detection of determinants of resistance, plasmid profiles, pulsed-field gel electrophoresis 
(PFGE) and hybridization experiments[11].The pattern of resistance was observed for 
ampicillin, amoxicillin-clavulanate, gentamicin, kanamycin, nalidixic acid, streptomycin, 
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spectinomycin, and several third-generation cephalosporins (including ceftiofur and 
cefoxitin. This study revealed that a multiresistant S. saintpaul line Saintpaul is widespread 
in turkeys and turkey products in Germany.[11]  
In Denmark, Skov, M et al, compared 8144 Salmonella isolates collected from meat imported 
or produced, as well as the Danish patients. Isolates from imported meat showed a higher 
rate of antimicrobial resistance, including resistance to multiple drugs, which were isolated 
from domestic beef. Isolates from humans showed resistance rates lower than those found in 
imported meat. These findings suggest that programs to control resistant Salmonella spp. are 
a worldwide problem [12]  
A study in Vietnam shows that enteric bacteria in samples of raw foods contain a set of 
mobile genetic elements and the transfer of antibiotic resistance can easily occur between 
similar bacteria. This study was undertaken to examine the contamination rate and 
molecular characteristics of enteric bacteria isolated from a selection of food sources in 
Vietnam [16]. One hundred and eighty raw food samples were tested; 60.8% of the samples 
were from meat and 18.0% of samples of shellfish contaminated with Salmonella spp. More 
than 90% of all food sources contained Escherichia coli. The isolates were selected for 
antibiotic resistance against 15 antibiotics, and 50.5% of Salmonella isolates and 83.8% of 
isolates of E. coli were resistant to at least one antibiotic[13]. Isolates were screened for the 
presence of mobile genetic elements that confer resistance to antibiotics. Fifty-seven percent 
of E. coli and 13% of Salmonella isolates were found to contain integrons, and some isolates 
contained two integrons Plasmids were also detected in the 23 Salmonella isolates resistant to 
antibiotics and 33 isolates of E. coli. One hundred thirty-five Salmonella isolates and 76% of E. 
coli isolates contained plasmids of 95 kb, and some isolates contained two large plasmids. 
Conjugation experiments showed the successful transfer of all or part of the phenotypes of 
antibiotic resistance among isolates of Salmonella and E. coli contaminated food. The results 
show that enteric bacteria in raw food samples from Vietnam contain a set of mobile genetic 
elements and the transfer of antibiotic resistance can easily occur between similar 
bacteria[13]  
Another study in Vietnam, was undertaken to examine the levels of Salmonella in samples of 
raw foods, including chicken, beef, pork and shellfish to determine their antibiotic 
resistance. A total of 180 samples were collected and analyzed, we obtained 91 isolates of 
Salmonella. Sixty-one percent of meat and 18% of shellfish samples were contaminated with 
Salmonella spp. The susceptibility of all isolates to a variety of antimicrobial agents was 
tested, and resistance to tetracycline, ampicillin / amoxicillin, nalidixic acid and 
streptomycin sulfafurazole was found in 40.7%, 22.0%, 18.7%, 16.5% and 14.3% of the 
isolates, respectively. Resistance to enrofloxacin, trimethoprim, chloramphenicol, 
kanamycin, and gentamicin was also detected (8.8 to 2.2%). About half (50.5%) of the 
Salmonella isolates were resistant to at least one of the antibiotics.[14]  
4. Escherichia coli 
E. coli is a bacterium, which very easily and frequently exchanges genetic information 
through horizontal gene transfer (e.g. by conjugation, transformation or transduction) with 
other related bacteria, such as other E. coli strains, Salmonella, Shigella. Therefore, E. coli 
strains may exhibit characteristics that have been acquired from a wide variety of sources.A 
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recent review describes the population structure of commensal E. coli, the factors involved 
in the spread of different strains, how the bacteria can adapt to different niches, and how a 
commensal life style can evolve into a pathogenic one (Tenaillon et al., 2010). All humans 
and animals carry E. coli in their intestines as they are part of the normal gut flora and 
usually harmless. However, there are several types of E. coli strains that may cause 
gastrointestinalillness in humans. These strain types can be divided into several 
pathogroups These strain types can be divided into several pathogroups, resistant to 
ampicillin, amoxicillin/clavulanic acid,piperacillin/sulbactam, piperacillin/tazobactam, 
cefuroxime, etc.The strain carries plasmid-borne blaCTX-M-15 and a blaTEM-1 genes.An E. 
coli O104:H4 with a MLST ST678 was previously observed about 10 years ago in Germany in 
a Haemolytic Uremic Syndrome (HUS) case (Mellmann et al., 2008), the STEC O104:H4 
outbreak strain shows an unusual combination of virulence factors of STEC and EAEC 
which has only been reported sporadically in humans before (Morabito et al., 1998) [16]. 
Another study analyzed the prevalence of Escherichia coli O157 in patients with diarrhea and 
surface water of some selected sources in Zaria (Nigeria), was evaluated of susceptibility to 
antibiotics and plasmid profiles of 184 isolates of E. coli, obtained from water samples of 228 
and 112 diarrheal stool samples (collected from children <15 years) using standard methods. 
The most active antibiotics were gentamicin, chloramphenicol, and fluoroquinolones. 
Seventy-nine (42.9%) of 184 E. coli isolates were resistant to four or more antibiotics. The 
Multidrug Resistance (MDR) was higher among water isolates than clinical isolates. Of the 
35 MDR isolates (20 of which were O157 strains), 22 (62.9%) harbored plasmids, all of which 
not less than 2.1 kb in size. Among the 20 strains of E. coli O157, only seven (35.0%) 
contained multiple plasmids. An E. coli O157 isolated from the aquatic system contains two 
plasmids resistant to seven drugs, including ampicillin, cefuroxime, ciprofloxacin, 
cotrimoxazole, nalidixic acid, nitrofurantoin and tetracycline. Loss of plasmids correlated 
with the loss of resistance to antibiotics (mutant) strains selected on tetracycline (50 mg / 
mL) in nutrient agar plates [17] .  
The role of animal-based foods as vehicles for antibiotic-resistant bacteria has also been 
studied. One study on chickens fattening evaluated the incidence and distribution of 
antibiotic resistance in 197 commensal Escherichia coli strains. The effects of supplementation 
with antimicrobial agents approved bambermycin, penicillin, salinomycin and bacitracin or 
a combination of salinomycin more bacitracin. All isolates showed some degree of resistance 
to multiple antibiotics and resistance to tetracycline (68.5%), amoxicillin (61.4%), ceftiofur 
(51.3%), spectinomycin(47.2%), and sulfonamides (42%). These data demonstrate that the 
multidrug resistance of E.coli can be found in broilers, regardless of antimicrobial growth 
promoters used. 
Water can also be an important vehicle for transmission of bacteria durability antibiotics, so 
I quote a study that was performed on wastewater from a plant to produce antibiotics which 
characterized the population of bacteria in surface waters of production plant of 
oxytetracycline (OTC). Found high levels of TBT in the wastewater (WW) and the antibiotic 
was still detectable at 20 Km (RWD), with undetectable levels in the water upstream (RWU). 
A total of 341 bacterial strains, most identified as Gammaproteobacteria. The most of the 
isolates (94.2% and 95.4% respectively WW and RWD) had tet (A) gene and it was the most 
common (67.0%), followed by tet (W), tet (C), tet (J), tet (L), tet (D), tet (y) and tet (K) (in the 
range between 21.0% and 40.6%). The authors propose that the strong selective pressure 
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imposed by high concentrations of TBT contributes to the widespread dissemination of 
resistance genes and other genes of tetracycline resistance to antibiotics, possibly through 
mobile genetic elements[15]  
5. Enterococcus 
Enterococci colonize the gastrointestinal tract of the oral cavity and vaginal tract of humans 
and most animals [18]. The emergence of antimicrobial resistance represents the greatest 
threat to the treatment of human enterococcal infections. Enterococci are intrinsically 
resistant to a number of antimicrobial agents normally used to treat infections caused by 
grampositive bacteria. The enterococci have a remarkable ability to acquire new 
mechaninms of resistance and to transfer resistance determinans by way of conjugation [19]. 
In this section I focus in a review of  antimicrobial resistant enterococci strains isolated from 
somefood. 
From a medical point of view, the resistance of enterococci to vancomycin, teicoplanin and 
streptogramins is of special interest. In the case of vancomycin, there are identical types of 
groups of vanA of enterococci genes from fecal samples of animals, pet food, hospital 
patients, people in the community and water samples, these resistance genes may 
contaminate humans through the food chain [20]. Also, it was found that the most 
frequently isolated species are Enterococcus faecium (32.61%), followed by E. faecalis (21.74%), 
with high levels of resistance to streptomycin and gentamicin. These results confirm the 
presence of enterococci whitin the community having susceptibility profiles similar to those 
of strains found in hospital . [21].  
A study at the Faculty of Pharmaceutical Sciences, University of Sao Paulo, Brazil, reported 
that 52.5% of the samples of raw and pasteurized milk, meat, cheese and vegetables were 
positive for enterococci; the most contaminated being the meat and the cheese. E. faecium 
was the predominant species, followed by E. faecalis, E. gallinarum and E.casseliflavus. 
Virulence genes were found and resistance to gentamicin, tetracycline and erythromycin in 
E. faecalis and three strains of E. faecium were resistant to vancomycin [22]. From the strains 
resistant to antibiotics, 72.4% of E. faecalis were able to form biofilm and 13.8% to adhere to 
Caco-2, which shows a virulent capacity of these types of enterococci [22].  
The importance of ready-to-eat food (RTEF) and the Antibiotic Resistance (AR) gene flow 
has been assessed. RTEF are consumed frequently and may play a role in the acquisition of 
the determinants of AR in the human digestive tract. The study by Macovei et al, evaluated 
three RTEFs (chicken salad, a chicken burger and carrot cake) which were taken as samples 
from five fast food restaurants five times in the summer and 5 in the and winter. The overall 
concentrations of enterococci during the two seasons were similar (103 CFU / g), the most 
prevalent were Enterococcus casseliflavus (41.5% of isolates) and Enterococcus hirae (41.5%) in 
winter and Enterococcus faecium (36.8%), E. casseliflavus (27.6%) and Enterococcus faecalis 
(22.4%) in summer. In winter isolates were resistant mainly in to tetracycline (50.8%), 
ciprofloxacin (13.8%) and erythromycin (4.6%). In summer isolates were resistant mainly to 
tetracycline (22.8%), erythromycin (22.1%), and kanamycin (13.0%). The most common gene 
was tet (M) (35.4%) Genotyping of E. faecalis and E. faecium with pulsed-field gel 
electrophoresis revealed that the food contamination likely originated from various sources 
and is not clonal [23].  
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Another study from the southwestern United States, which characterized the profiles of 
antibiotic resistance of enterococci isolated from fresh produce harvested, found that of 185 
Enterococci isolates, 97 (52%) were Enterococcus faecium, 38 (21% ) were Enterococcus faecalis, 
and 50 (27%) were other Enterococcus species. Of clinical significance in humans is the fact 
that strains of E. faecium had a much higher prevalence of resistance to ciprofloxacin, 
tetracycline and nitrofurantoin than E. faecalis. 34% of the strains had multiple patterns of 
drug resistance, excluding intrinsic resistance. These data may help to elucidate the role of 
food in the transmission of antibiotic-resistant strains in human populations [24]. 
Additionally, one hundred and five VanA of the Glycopeptide-resistant enterococci (GRE) 
isolated from, human; animal, and food , were studied for genetic variability and molecular 
markers. The presence of indistinguishable vanA elements,mostly plasmid-borne, and 
virulence determinants in different species and PFGE-diverse populations suggested that all 
GRE might be potential reservoirs of resistance determinants and virulence traits 
transferable to human-adapted clusters. [25]. 
Research undertaken in Turkey has assessed vancomycin resistance and antibiotic resistance 
profiles of enterococci in different types of food purchased in local markets. Of a total of 200 
samples, 50% had high levels of enterococci contamination, the greater resistance being 
found in samples of cream cheese. Only 4 strains were identified as resistant to vancomycin 
and identified as E. faecalis, from chicken. The results of this study emphasize the urgency of 
preventive measures to be taken to control antibiotic use on farms [26]. 
In addition, a study led by Martins et. al in Portugal whereby a total of 983 strains of 
enterococci were isolated from sewage sludge and effluent waste. These were tested against 
10 different antibiotics. Multiresistance was found in 49.4% of the strains. Only 3.3% and 
0.6% were resistant to ampicillin and vancomycin, respectively. However, observed 51.5% 
resistance to rifampicin, tetracycline 34.6%, 24.8% and 22.5% for erythromycin, 
nitrofurantoin. These results indicate that the use of antibiotics has created a large pool of 
resistance genes and the processes of wastewater treatment do not prevent the spread of 
resistant enterococci in the environment [27].  
Different species of enterococci can frequently be isolated from environmental samples such 
as soil, water, plants or animal raw products.. In a study led by M.T. Tejedor Junco in 2009, 
isolated 78 strains of enterococci, from alfalfa (Medicago sativa) plant samples, drip 
irrigated with conventional water and a secondary effluent. E. faecalis (10.2%), E. faecium 
(2.6%), E. hirae (5.1%), E. casseliflavus (2.6%) and E. mundtii (79.5%) were isolated , In They 
found that all strains of enterococci, were susceptible to glycopeptides, penicillin and 
ampicillin. They did not detect strains with high level resistance to aminoglycosides. [28].  
Additionally, the products supplied for feeding animals have been widely studied because 
they are potential vehicles for transmission of resistant bacteria. This has been demonstrated 
in a study conducted in 2006 in Portugal where 1137 enterococci strains and 163 Escherichia 
coli strains were recovered from 89 poultry feed samples, where 69.1% of enterococci isolates 
obtained from broiler feed were resistant to tetracycline and E. coli were resistant to 
ampicillin, tetracycline and streptomycin in 22.9%, 27.6% and 19.0% respectively. These data 
allow us to infer that the animal feed is a significant source of antibiotic resistant bacteria , 
thus leading to their introduction in the farm enviroment. The Poultry feed is at the start of 
the food safety chain, and might serve as a source of antimicrobial resistant bacteria present 
in poultry meat [29]. 
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Some antibiotics had been used as growth promoters in Europe for several years, creating 
strains of resistant E. faecium .Resistant bacteria, have been isolated from samples of sewage, 
animal stools, meat products, samples from community and clinical samples from different 
European populations. Glycopeptide-resistant E.faecium (GREF), can be found in hospitals 
and outside them, and in the food chain by contaminated meat products.This suggests that 
the origin of these strains are other sources outside the hospital, probably for commercial 
ranching. Thus, to prevent the spread of antibiotic resistant strains such as enterococci, or 
transferable resistance genes, prudent use of antibiotics is necessary in human medicine and 
veterinary and in the animal husbandry [20]. 
There are no available studies about strains of enterococci resistant to antibiotics, isolated 
from Colombian food. Its been reported to a clinical level that the rate of vancomycin 
resistance in isolates of Enterococcus species by 2004 was about 7% in Brazil - Pan-American 
Health Organization (PAHO). In Colombia the problem is raised to similar levels and is a 
common source of nosocomial infections [1].  
6. Staphylococcus aureus 
S. aureus is one of the most important human and veterinary pathogens, and the 
epidemiology,pathology and antimicrobial resistance of this bacterium has been studied 
intensively in innumerable studies. S. aureus was one of the first bacteria in which the 
development of antimicrobial resistance (penicillin) was observed [2]. In human medicine, 
methicillin resistance is not only observed among S. aureus, but is also prevalent among 
other staphylococci as, S. intermedius, S. epidermidis, S. hominis,etc, have been isolated from 
animal sources in different studies and have been demostraded that they strains have mec A 
gene and are Methicillin resistan bacteria. [4] 
In the United States, during 1992–2003, the number of health care–associated infections due to 
MRSA increased from 35.9% to 64.4% and in UK, death certificates increased by 39% [30]. In 
Colombia, the CA-MRSA (community-acquired, or community-associated Staphylococcus 
aureus) increased from 1% in 2001 to 5.4% in 2006 [31].  
While environmental MRSA transmission has been investigated, transmission through food 
products has not received enough attention [32, 33]. However, Normmano et al. established 
the presence of S.aureus strains that harboured the mecA gene isolated from food samples 
such as bovine milk, mozzarella cheese, and pecorino cheese [33]. Other than information 
from that report the current prevalence of resistant bacteria in food matrices and levels of 
MRSA consumer exposure risks remain unknown.  
Nowadays the assessment of the activity of an antibiotic is crucial to the successful outcome 
of antimicrobial therapy; however, the development of resistance both in human and animal 
bacterial pathogens has been associated with the extensive therapeutic use of antimicrobials 
or with their administration as growth promoters in meat production [34, 35]. 
In order to achieve the detection of sensitivity or resistance of Staphylococcus aureus strains, 
various techniques have been described, such as the employment of a cefoxitin 30 ug disc, 
using semiconfluent inoculums and overnight incubation at 35°C, resulting in a sensitivity 
of 100% and a specificity of 99%. In this way, disc diffusion remains the method of choice for 
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routine screening for methicillin resistance, when the technical or economic capabilities are 
absent in the microbiological laboratories [36]  
In addition, the most widely used molecular typing method for the study of local and global 
epidemiologies of MRSA is pulsed field gel electrophoresis (PFGE). This method has been 
used to identify MRSA clones that have a particular ability to cause major outbreaks [37, 38].  
An unpublished study developed by the “Laboratorio de Ecología Microbiana y de 
Alimentos” (LEMA at the Universidad de los Andes), in Colombia genotyped the MRSA 
strain detecting mecA gene isolated from food samples circulating in Bogotá. Positive strains 
were genotyped for the identification of clonal groups using pulsed field electrophoresis 
(PFGE). 5 of the 149 strains were confirmed to have the mecA gene, indicating the presence 
of the SCC cassette. The electrophoretic pattern obtained by PFGE for these strains has 
revealed that 4 (80%) of the 5 strains belong to the Chilean clone, with 100% genetic 
similarity; this clone has been associated with 65% of infections associated with health care. 
This is the first evidence of the presence of MRSA in food in Colombia; nevertheless, this 
study is not published yet but is in the process of submission to publication[39].  
Furthermore, a review of the resistance of gram-positive cocci in Colombia shows how our 
neighbors, Ecuador and Venezuela have a lower rate of resistance to that identified in our 
country at that time (25% vs. 47%) for coagulase-negative staphylococci-hospital in 2004 to 
the Pan American Health Organization (PAHO), where the frequency of S. aureus resistant 
to methicillin is much higher, with maximum values for Bogotá 60% and 70% for the 2001 to 
2003 period. [40]. Reyes. J. et al, investigated the resistance profiles and mechanism of 
macrolide resistance in isolates of Streptococcus pneumoniae (1679), Staphylococcus aureus 
(348), coagulase-negative staphylococci (CoNS) (175), and Enterococcus spp. (123) from 
Colombian hospitals. The prevalence of macrolide resistance is low in Colombian 
pneumococci and high in MRSA (cMLSB-type). [41].  
7. Lactic acid bacteria (LAB) 
For several decades, studies on the selection and spread of antibiotic resistance have focused 
mainly on clinically relevant species. However, recently several researchers have suggested 
that commensal bacteria such as lactic acid bacteria (LAB) may act as reservoirs of genes 
resistance to antibiotics similar to those found in human pathogens [42]. The main threat 
associated with these bacteria is that these resistance genes can be transferred to pathogenic 
bacteria [43]. 
Genes that confer resistance to tetracycline, erythromycin and vancomycin have been 
detected and characterized in Lactococcus lactis, enterococci and, recently, in lactobacilli 
isolated from fermented meat and milk products [1]. One example of the this resistance is 
the presented by lactobacilli, pediococci and Leuconostoc spp. which have been reported to 
have a high natural resistance to vancomycin, a property that is useful to separate them 
from other Gram-positive bacteria [44].  
Thirty-one strains of Lactobacillus delbrueckii subsp. bulgaricus as components of yoghurt 
cultures showed intrinsic resistance towards mycostatin, nalidixic acid, neomycin, 
polymyxin B, trimethoprim, colimycin, sufamethoxazol and sulphonamides. Susceptibilities 
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to cloxacillin, dihydrostreptomycin, doxcycline, furadantin, novobiocin, oleandomycin, 
oxacillin and streptomycin were prominent while kanamycin and streptomycin susceptibilities 
varied [45]. This has raised the discussion of new issues concerning the safety of probiotics in 
relation to the nature of the procurement and distribution of antimicrobial resistance genes 
[46].  
Starter cultures of Lactobacillus, Weissella and Bifidobacterium of African and European origins 
were studied for their susceptibility to antimicrobials. Ouoba et al, evaluated and compared 
on its investigation to 24 antimicrobial, variations were observed and high levels of intrinsic 
resistence were found among the species studied. These authors confirmed the ability of Lb. 
reuteri from Africa to transfer by conjugation the gene erm(B), (resistance to erythromycin) 
to enterococci in vitro experiments [47]. Finally, they also identified a higher prevalence of 
phenotypic resistance to aminoglycosides in isolation from Europe. This is corroborated by 
recent publications in which they documented the transfer of macrolide resistance in 
Enterococcus from Lactobacillus in vivo [48] .  
Pan L. et al, reported the presence of higher MICs (Minimal Inhibitory Concentration) in 14 
of 202 strains of LAC, isolated from Chines fermented food. 14 strains reported the presence 
of multi-resistance and the presence of genes tet (M) and erm (B), mefA and aphA3 located 
on plasmids or chromosome. They found that lactic acid bacteria resistant to antibiotics are 
widespread among traditional Chinese fermented food and the incidence of this resistance 
was dependent on raw materials and manufacturing area of food; thus, the incidence of 
LAC resistance isolated during fermentation of sausages is much higher than that presented 
in the fermentation of vegetables. The results presented in these studies indicate the 
posssible role of LAC as f reservoirs for dissemination of antibiotic resistance in food and 
environment[49]. 
In Colombia there are some reports about antimicrobial resistance of bacterias responsible 
for human diseases, but its unkwon how frequent is the presence of these bacterias in food 
and its importance in human illness. The following are some comments about the problem 
of antimicrobial resistance in Colombia. Currently in Colombia, we have data based on 
antibiotic resistance of nosocomial strains, usually in intensive care units (ICU). This 
highlights the lack of a comprehensive study of this aspect in the Industrial and Food 
Process. Data record of 4008 set out the isolates from ICUs in 2003, 4,004 in 2004 and 4304 in 
2005, where the most frequent were, in order: S. aureus, E. coli, P. aeruginosa K. pneumoniae, A. 
baumannii and E. cloacae. There was a statistically significant decrease in the number of 
isolates of A. baumannii. Salient issues that expose this study is the high resistance to 
ciprofloxacin (CIP) from E. coli, which is used as a marker, because once a gram-negative 
bacteria is resistant to this antibiotic it must be considered resistant to other quinolones.The 
resistance phenotype of this organism to third generation cephalosporins suggests the 
production of beta-lactamases of extended spectrum (ESBL) during the three year study. 
[50]. Of all the bacteria studied, A. baumannii showed the highest rates of multidrug 
resistance. Therefore, although there was a significant decrease in the number of isolates of 
this bacterium, in ICU this is a major concern. Among all prevalent in this study 
enterobacteria, E. cloacae could have the most ability to select resistance, including the 
carbapenems, to produce very high amounts of AmpC and close porins [50]. However, 
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recent studies suggest that the prevalence of vancomycin resistance by the isolation of 
Enterococcus faecium found in South America is low (only 6%) compared to that presented in 
the United States [51]. Finally, according to the findings of this study, it is urgent to continue 
working with the national surveillance network of the resistance of both the hospital and 
those pathogens resistant organisms from food or water, in order to assist in the control of 
this public health problem of great importance [51].  
8. References 
[1] Mathur, S. and R. Singh, Antibiotic resistance in food lactic acid bacteria--a review. 
International Journal of Food Microbiology, 2005. 105(3): p. 281-295. 
[2] Frank, A., Antimicrobial Resistance In Bacteria of Animal Origin. 2006, PP 160 
[3] Burgos, J.M., B.A. Ellington, and M.F. Varela, Presence of Multidrug-Resistant Enteric 
Bacteria in Dairy Farm Topsoil. Journal of Dairy Science, 2005. 88(4): p. 1391-1398. 
[4] Frank, A., Antimicrobial Resistance In Bacteria of Animal Origin. 2006 PP 269. 
[5] Lutgen, E., et al., Antimicrobial resistance profiling and molecular subtyping of Campylobacter 
spp. from processed turkey. BMC Microbiology, 2009. 9(1): p. 203. 
[6] Inglis, G.D., et al., Temporal Prevalence of Antimicrobial Resistance in Campylobacter spp. 
from Beef Cattle in Alberta Feedlots. Appl. Environ. Microbiol., 2006. 72(6): p. 4088-
4095. 
[7] Frank, A., Antimicrobial Resistance In Bacteria of Animal Origin. 2006 PP 284. 
[8] Frank, A., Antimicrobial Resistance In Bacteria of Animal Origin. 2006 PP 293. 
[9] Johnson J, A.R., and Lynn M. McMullen, Antimicrobial resistance of selected Salmonella 
isolates from food animals and food in Alberta. Can Vet J. , 2005. 46(2): p. 141-146. 
[10] Zhao, S., et al., Antimicrobial Resistance in Salmonella enterica Serovar Heidelberg Isolates 
from Retail Meats, Including Poultry, from 2002 to 2006. Appl. Environ. Microbiol., 
2008. 74(21): p. 6656-6662. 
[11] Beutlich, J., et al., A predominant Multidrug resistant Salmonella Saintpaul clonal line in 
German turkey and related food products. Appl. Environ. Microbiol., 2010: p. 
AEM.02744-09. 
[12] Skov, M., Andersen, J. , Aabo, S. , Ethelberg, S. , Aarestrup, F. , Sørensen, A. , Sørensen, 
G. , et al, Antimicrobial Drug Resistance of Salmonella Isolates from Meat and Humans, 
Denmark. Emerging Infectious Diseases, 2007. 13(4): p. 638-641. 
[13] Van, T.T.H., et al., Antibiotic Resistance in Food-Borne Bacterial Contaminants in Vietnam. 
Appl. Environ. Microbiol., 2007. 73(24): p. 7906-7911. 
[14] Van, T.T.H., et al., Detection of Salmonella spp. in Retail Raw Food Samples from Vietnam and 
Characterization of Their Antibiotic Resistance. Appl. Environ. Microbiol., 2007. 73(21): 
p. 6885-6890. 
[15] Li, D., et al., Antibiotic Resistance Characteristics of Environmental Bacteria from an 
Oxytetracycline Production Wastewater Treatment Plant and the Receiving River. Appl. 
Environ. Microbiol., 2010. 76(11): p. 3444-3451. 
[16] EFSA, Urgent advice on the public health risk of Shiga-toxin producing Escherichia coli in fresh 
vegetables. European Food Safety Authority, 2011. 9(6):2274. 
[17] Vincent N. Chigor, V.J.U., 2 Stella I. Smith,3 Etinosa O. Igbinosa,1 and Anthony I. 
Okoh1, Multidrug Resistance and Plasmid Patterns of Escherichia coli O157 and Other E. 
www.intechopen.com
 
Antibiotic Resistant Bacteria – A Continuous Challenge in the New Millennium 
 
466 
coli Isolated from Diarrhoeal Stools and Surface Waters from Some Selected Sources in 
Zaria, Nigeria. Int J Environ Res Public Health, 2010. 7(10): p. 3831-3841. 
[18] B.D. Jett, M.M.H., M.S. Gilmore, Virulence of enterococci. Clin. Microbiol., 1994. 
[19] Frank, A., Antimicrobial Resistance In Bacteria of Animal Origin. 2006 PP 319. 
[20] Klare, I., et al., Occurrence and spread of antibiotic resistances in Enterococcus faecium. 
International Journal of Food Microbiology, 2003. 88(2-3): p. 269-290. 
[21] Ronconi, Detección de Enterococcus resistentes a altos niveles de aminoglucósidos y resistentes 
a glucopéptidos en Lactuca sativa (lechuga). Enferm Infecc Microbiol Clin 2002. 20(8): 
p. 380-383. 
[22] Gomes, B.C., et al., Prevalence and characterization of Enterococcus spp. isolated from 
Brazilian foods. Food Microbiology, 2008. 25(5): p. 668-675. 
[23] Macovei, L. and L. Zurek, Influx of Enterococci and Associated Antibiotic Resistance and 
Virulence Genes from Ready-To-Eat Food to the Human Digestive Tract. Appl. Environ. 
Microbiol., 2007. 73(21): p. 6740-6747. 
[24] Johnston, L.M. and L.-A. Jaykus, Antimicrobial Resistance of Enterococcus Species Isolated 
from Produce. Appl. Environ. Microbiol., 2004. 70(5): p. 3133-3137. 
[25] Biavasco, F., et al., VANA-TYPE ENTEROCOCCI FROM HUMANS, ANIMALS AND 
FOOD: species distribution, population structure, Tn1546-typing and location, and 
virulence determinants. Appl. Environ. Microbiol., 2007: p. AEM.02239-06. 
[26] Koluman, A., L.S. Akan, and F.P. Çakiroglu, Occurrence and antimicrobial resistance of 
enterococci in retail foods. Food Control, 2009. 20(3): p. 281-283. 
[27] Martins da Costa, P., P. Vaz-Pires, and F. Bernardo, Antimicrobial resistance in 
Enterococcus spp. isolated in inflow, effluent and sludge from municipal sewage water 
treatment plants. Water Research, 2006. 40(8): p. 1735-1740. 
[28] Tejedor J, G.M., Gómez L, Mendoza V, Grimón M, Palacios P, Aislamiento, identificación y 
resistencia a antibióticos en cepas de Enterococcus aisladas de plantas de Medicago sativa 
regadas con agua convencional y depurada Higiene y Sanidad Ambiental, 2009. 9: p. 
418-421. 
[29] da Costa, P.M., et al., Antimicrobial resistance in Enterococcus spp. and Escherichia coli 
isolated from poultry feed and feed ingredients. Veterinary Microbiology, 2007. 120(1-2): 
p. 122-131. 
[30] Jarvis, W.R., Prevention and control of methicillin-resistant Staphylococcus aureus: 
dealing with reality, resistance, and resistance to reality. Clin Infect Dis, 2010. 50(2): 
p. 218-20. 
[31] Manuel, G.-B., et al., Epidemiology of meticillin-resistant Staphylococcus aureus (MRSA) in 
Latin America. International journal of antimicrobial agents, 2009. 34(4): p. 304-
308. 
[32] Normanno, G., et al., Coagulase-positive Staphylococci and Staphylococcus aureus in food 
products marketed in Italy. International Journal of Food Microbiology, 2005. 98(1): p. 
73-79. 
[33] Normanno, G., et al., Methicillin-resistant Staphylococcus aureus (MRSA) in foods of animal 
origin product in Italy. Int J Food Microbiol, 2007. 117(2): p. 219-22. 
[34] Normanno, G., et al., Coagulase-positive Staphylococci and Staphylococcus aureus in food 
products marketed in Italy. Int J Food Microbiol, 2005. 98(1): p. 73-9. 
www.intechopen.com
 
Antimicrobial Resistance of Bacteria in Food 
 
467 
[35] Normanno, G., et al., Occurrence, characterization and antimicrobial resistance of 
enterotoxigenic Staphylococcus aureus isolated from meat and dairy products. Int J Food 
Microbiol, 2007. 115(3): p. 290-6. 
[36] Skov, R., et al., Evaluation of a cefoxitin 30 µg disc on Iso-Sensitest agar for detection of 
methicillin-resistant Staphylococcus aureus. Journal of Antimicrobial Chemotherapy, 
2003. 52(2): p. 204-207. 
[37] Enright, M.C., et al., Multilocus Sequence Typing for Characterization of Methicillin-Resistant 
and Methicillin-Susceptible Clones of Staphylococcus aureus. J. Clin. Microbiol., 2000. 
38(3): p. 1008-1015. 
[38] Oliveira, D.C., A. Tomasz, and H. de Lencastre, Secrets of success of a human pathogen: 
molecular evolution of pandemic clones of meticillin-resistant Staphylococcus aureus. The 
Lancet Infectious Diseases, 2002. 2(3): p. 180-189. 
[39] Rodriguez-Noriega, E., et al., Evolution of methicillin-resistant Staphylococcus aureus clones 
in Latin America. Int J Infect Dis, 2010. 14(7): p. e560-6. 
[40] Espinosa, C., Cortés, J., Castillo, J. & Leal, A Revisión sistemática de la resistencia 
antimicrobiana en cocos Gram positivos intrahospitalarios en Colombia. Biomédica, 2011. 
31: p. 27-34. 
[41] Reyes, J., et al., Characterization of macrolide resistance in Gram-positive cocci from Colombian 
hospitals: a countrywide surveillance. International Journal of Infectious Diseases, 
2007. 11(4): p. 329-336. 
[42] Levy, S.B., Salyers, A.A. Reservoirs of antibiotic resistance (ROAR) Network. 2002 [cited 
2011; Available from: 
 http://www.healthsci.tufts.edu/apua/Roar/roarhome.htm. 
[43] Perreten, V., et al., Antibiotic resistance spread in food. Nature, 1997. 389(6653): p. 801-
802. 
[44] Hamilton, M. and Shah, Vancomycin susceptibility as an aid to the identification of 
lactobacilli. Letters in Applied Microbiology, 1998. 26(2): p. 153-154. 
[45] Sozzi, T.S., M Antibiotic Resistances of Yogurt Starter Cultures Streptococcus thermophilus 
and Lactobacillus bulgaricus. Applied and Environmental Microbiology, 1980. 40(862-
865 ). 
[46] Çataloluk, O. and B. Gogebakan, Presence of drug resistance in intestinal lactobacilli of dairy 
and human origin in Turkey. FEMS Microbiology Letters, 2004. 236(1): p. 7-12. 
[47] Gevers, D., G. Huys, and J. Swings, In vitro conjugal transfer of tetracycline resistance from 
Lactobacillus isolates to other Gram-positive bacteria. FEMS Microbiology Letters, 2003. 
225(1): p. 125-130. 
[48] Ouoba, L.I.I., V. Lei, and L.B. Jensen, Resistance of potential probiotic lactic acid bacteria and 
bifidobacteria of African and European origin to antimicrobials: Determination and 
transferability of the resistance genes to other bacteria. International Journal of Food 
Microbiology, 2008. 121(2): p. 217-224. 
[49] Pan, L., X. Hu, and X. Wang, Assessment of antibiotic resistance of lactic acid bacteria in 
Chinese fermented foods. Food Control, 2011. 22(8): p. 1316-1321. 
[50] Briceño, D.F.C., Adriana; Valencia, Carlos; Torres, Julián Andrés; Pacheco, Robinson; 
Montealegre, María Camila; Ospina, Diego; Villegas, María Virginia, Actualización 
www.intechopen.com
 
Antibiotic Resistant Bacteria – A Continuous Challenge in the New Millennium 
 
468 
de la resistencia a antimicrobianos de bacilos Gram negativos aislados en hospitales de nivel 
III de Colombia: años 2006, 2007 y 2008 Biomédica, 2010. 30(3): p. 371-381. 
[51] Panesso, D., et al., Molecular Epidemiology of Vancomycin-Resistant Enterococcus faecium: a 
Prospective, Multicenter Study in South American Hospitals. J. Clin. Microbiol., 2010. 
48(5): p. 1562-1569. 
www.intechopen.com
Antibiotic Resistant Bacteria - A Continuous Challenge in the New
Millennium
Edited by Dr. Marina Pana
ISBN 978-953-51-0472-8
Hard cover, 576 pages
Publisher InTech
Published online 04, April, 2012
Published in print edition April, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Antibiotic-resistant bacterial strains remain a major global threat, despite the prevention, diagnosis and
antibiotherapy, which have improved considerably. In this thematic issue, the scientists present their results of
accomplished studies, in order to provide an updated overview of scientific information and also, to exchange
views on new strategies for interventions in antibiotic-resistant bacterial strains cases and outbreaks. As a
consequence, the recently developed techniques in this field will contribute to a considerable progress in
medical research.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
María Consuelo Vanegas Lopez (2012). Antimicrobial Resistance of Bacteria in Food, Antibiotic Resistant
Bacteria - A Continuous Challenge in the New Millennium, Dr. Marina Pana (Ed.), ISBN: 978-953-51-0472-8,
InTech, Available from: http://www.intechopen.com/books/antibiotic-resistant-bacteria-a-continuous-challenge-
in-the-new-millennium/importance-of-bacteria-resistance-to-antibiotics-in-food
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
